Taurus

The Taurus software package performs intake and dose calculations for internal radiological
contamination in occupational exposures. It was developed by the UK Health Security
Agency's Internal Dosimetry Group, UK.

Taurus provides a simple graphical user interface (GUI) to UKHSA's internal dosimetry
computer code Pleiades (Fell T.P. et al, 2007). Pleiades is written in Fortran and has been
used for the calculation of reference dose coefficients and bioassay quantities published in the
International Commission on Radiological Protection (ICRP) Occupational Intakes of
Radionuclides series of publications (ICRP 2016b, 2017, 2019). Taurus thus implements the
most recent ICRP recommendations (ICRP 2007) and the accompanying biokinetic,
dosimetric models (ICRP 2009, 2015, 2016a, 2016b, 2017, 2019, 2022) and radiological
decay data (ICRP 2008).

In addition to calculating radionuclide activity in organs and excreta and committed doses
due to occupational exposures, Taurus also estimates radionuclide intakes from bioassay data
using the well proven maximume-likelihood fitting module previously used in UKHSA's
IMBA software (Birchall et al,2003) which can produce robust estimates of multiple intakes
using several types of bioassay data, including censored observations (e.g. less than the limit
of detection results). IMBA is the predecessor of Taurus and only implements previous ICRP
recommendations (ICRP 1994).

Plotting of measurements and bioassay predictions is through Dynamic Data Exchange with
Dplot Graph software for scientists and engineers, by Hydesoft computing LLC, a freely
distributable restricted functionality version of which (DPlot Jr) is included in the Taurus
installation package. If a full version of DPIot is installed Taurus will benefit from the
increased functionality which this provides.

The Taurus GUI was built using the Winteracter Portable Fortran user interface and graphics
toolset by Interactive Software Services Ltd.

Taurus enables the user to:

« calculate equivalent organ doses and effective doses and bioassay quantities from one
or more specified intakes and at pre-defined time-points

« calculate doses and bioassay quantities from one or more specified intakes and at
user-specified time points

« estimate single or multiple intakes from measurements of activity in the body and/or
excreta and to calculate the resulting doses.

Activity and doses are given in S.1. units of bequerel (Bq) and sievert (Sv).
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Licence information

This copy of Taurus is registered to IDG for 5 users. |t will expire on 19/10/2022.

Bioassay screens
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Plot of bioassay data
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Tables for effective and equivalent doses (total and for each intake regime)

Equivalent doses, Sv X
Toe R1 |R2 | R3] Re | s | ms | R7 | me | mo | oo |
Intake (Bq. acute) 22773E+03 Effective dose coefficient (Sv/Bq): | 6.2E-09
Effective dose (Sv) 141E-05

Male Female L
R-marrow 8.21E-06 1.07E-05
Colon 8.71E-06 9.20E-06
Lungs 4.30E-05 4.95E-05
St-stem 1.06E-05 1.00E-05
Breast 839E-06 | 1.10E-05
Ovaries 0.00E+00 | 531E-06
Testes 155E-06 | 0.00E+00
UB-wall 3.33E-06 4.34E-06
Oesophagus | 154E-05 1.95E-05
Liver 1.53E-05 1.71E-05
Thyroid 9.35E-06 1.06E-05
Endost-BS 5.51E-06 7.25E-06
Brain 2.78E-06 3.59E-06 w

Information on goodness-of-fit
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Methodology and computations

The Taurus software package performs intake and dose calculations for internal radiological contamination
from occupational exposures, for acute or chronic intakes by inhalation, ingestion, or injection into blood.

Taurus implements the 2007 Recommendations issued in ICRP Publication 103 (ICRP, 2007) and applies
the methodologies for dose calculation described in ICRP Publication 130 (ICRP, 2015) and 133 (ICRP,
2016). The new methodology and new biokinetic and dosimetric models used in the Occupational Intakes of
Radionuclides (OIR) series of reports, ICRP 130, 134, 137, 141 and 151 (ICRP 2015, 2016b, 2017, 2019,
2022), supersede those used for the calculation of doses to Workers published in ICRP 68 (ICRP, 1994).

Biokinetic and dosimetric calculations: PLEIADES

The biokinetic and dosimetric calculations in Taurus are performed by the internal dosimetry computer code
PLEIADES - Program for LinEar Internal Age-dependent DosES (Fell et al, 2007), written in Fortran 90 and
developed at UK Health Security Agency's Radiation, Chemical and Environmental Hazards Directorate, UK.

Biokinetic calculations

Biokinetic compartment models are used to calculate the distribution of radioactivity within body tissue as a
function of time following internal contamination, via inhalation, ingestion or injection into blood. The
mathematical problem is defined by a set of ordinary differential equations, which are determined by an input
function describing the exposure (route and duration of the intake) and by the 'biokinetic matrix' constructed
with all the relevant biokinetic transfer rates and the nuclear decay data for the contaminant.

The structure and the transfer rates of the biokinetic models (respiratory, alimentary and systemic models)
are published in the OIR series of reports and the radioactive decay data in ICRP Publication 107 (ICRP,
2008).

The solutions to the biokinetic equations are computed by PLEIADES in terms of the eigenvalues and
eigenvectors of the biokinetic matrix and by exploiting the particular block structure of the matrix (Fell et al.,
2007). PLEIADES solves the eigenvalue problems and related computations by using the LAPACK (Linear
Algebra PACKage) library (Anderson et al., 1999) and its associated BLAS (Basic Linear Algebra
Subroutines) library.

The 'eigenvalue-eigenvector' solutions to the biokinetic equations take then the familiar form of a sum of
exponentials and are used to calculate the activity and the number of transformations (time-integrated activity)
over any period of time in body tissues and organs.

Dosimetric calculations

Dosimetric models are used to calculate the deposition of energy in ‘target' organsitissues for
transformations occurring in the 'source' organ/tissues as determined from the biokinetic calculations.

The information and values for energies and emissions yields of radionuclides and for the specific absorbed
fractions (SAFs) used by PLEIADES are published in ICRP 107 and ICRP 133 respectively.

The radiatinn weinhted 'S rnefficiente' ar ennivalenths the Snecific Effartive Enerniee (SEE:) are calenlated
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